Lithium-ion insertion in metal oxides is one of the main objectives of recent battery research. Rechargeable lithium batteries are attractive for their potential use as lightweight, compact energy storage device in applications ranging from portable electronics to vehicles. Up to now, Li intercalation in crystalline material was studied, and only few publications dealing with amorphous electrode material have appeared although the latter have considerable advantages compared to crystalline electrodes. Our investigation deals with electrochemical lithium intercalation into amorphous transition metal oxides.
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All samples were prepared by reactive sputtering in a pure oxygen atmosphere at 10 -1 mbar. The metal oxide working electrodes (ca. 10-50 nm thickness) were prepared on gold covered smooth float glass substrates. The thin gold film were used as electrical contact for the electrochemical experiments. X-ray diffraction showed the absence of diffractions peaks which prove the amorphous structure of the metal oxide working electrodes, thus XRD cannot be used for the investigation of Li intercalation and de-intercalation phenomena in our case.
Previous X-ray absorption studies [1] on thin films of reactively sputtered Ta 2 O 5 showed that it is possible to characterize amorphous thin film materials with reflection mode EXAFS (extended Xray absorption fine structure). Detailed information like bond distances and coordination numbers could be derived. The X-ray absorption experiments described here were performed at the bending magnet station X1 [2] and at the X-ray undulator beamline BW1 [3] at the DORIS III storage ring at HASYLAB. Double-crystal monochromatores with flat Si(111) and Si(311) crystals were used. Reflectivity EXAFS data were collected at room temperature. Incident and reflected intensities were measured by means of argon and nitrogen filled ionisation chambers. Fig . 1a shows the newly designed cell for of the in situ experiments: Since the electrolytes as well as the intercalated sample are sensitive towards oxygen, all the equipment was housed in a metal container with two large Kapton windows for the incident and reflected x-rays. A third window was placed in the removable top flange of the cell. The inner volume of the cell was continuously purged with He, providing a noble gas atmosphere. Inside, the working electrodes were mounted on a sample holder. A PTFE frame with two additional Kapton foils built the compartment for the electrolyte. The length of the electrodes was 4 mm for the Ta-oxide electrodes, so that a cell transmission of about 25% at 10 keV results. A longer sample, which would be favourable for x-ray reflectivity measurements, cannot be used for lower energy than 15 keV due to the strong parasitic absorption of the electrolyte. For energies above ca. 15 keV, like the K-edge of Niobium and Molybdenum, the length of the working electrode was 10 mm.
All the electrochemical preparations were performed in a three electrolyte system, with a high purity (99.99%) copper wire as reference and counter electrodes. A ECO Chemie Autolab/GPES interface was used as potentiostat. 1.0 M LiClO 4 in propylene carbonate was used as electrolyte.
In Fig. 1b , a chronoamperometry plot for a potential step from 0 V to -2.0 V is shown for the Li intercalation in an amorphous Ta-oxide working electrode. Repetitive XANES scans at the Ta L 3 edge were taken every 8 minutes. During the intercalation, a shift of the Ta L 3 -edge towards lower photon energies was observed, indicating the partial reduction of the Ta-oxide. The detected shift corresponds to an average change of the Ta valency from Ta 5+ to Ta 4+ . These preliminary results clearly show that it is possible to follow Li intercalation and de-intercalation in amorphous electrodes in situ.
For the future, a more elaborate analysis and modelling of the XANES structures as well as extended energy scan (EXAFS) will be necessary to determine the atomic short range order structure of the intercalated amorphous electrodes in detail.
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